We report a case of successful endovascular treatment of bilateral carotid artery occlusion with concurrent basilar apex aneurysm. An elderly female patient with subarachnoid hemorrhage (SAH) onset was admitted to the hospital. Computed tomography (CT) and digital subtraction angiography (DSA) confirmed the presence of bilateral carotid artery occlusion with concurrent basilar apex aneurysm. Brain blood supply was provided by the bilateral vertebral artery through the basilar artery. We treated the aneurysm with the endovascular approach by embolizing the aneurysm with three coils. The patient recovered well after surgery and showed no recanalization of the aneurysm on a one-year follow-up DSA. We also reviewed six similar cases found with a PUBMED database search , including those with bilateral common carotid artery occlusion. In conclusion, by using the endovascular approach, bilateral carotid artery occlusion with concurrent basilar apex aneurysm was efficiently treated.
Introduction
Bilateral carotid artery occlusion with concurrent basilar apex aneurysm is extremely rare 1 . When it occurs, the brain blood supply mainly relies on the vertebral artery through the basilar artery. The unnatural reliance on this route is such that the pressure inside the apex of the basilar artery makes it vulnerable to aneurysm [2] [3] [4] . These need to be treated quickly, as they may cause hemorrhaging and subsequent death 3, 5 .
Craniotomy is one approach to treat patients with basilar apex aneurysm. However, in the case of a bilateral carotid artery occlusion, the increased blood pressure in the basilar artery leads to higher risks in the surgical clipping of aneurysms 3, 6 . The alternative approach is the endovascular treatment that has been developed since 1991 7, 8 . It is performed with the guidance of DSA, for accurate localization during surgery with minimal tissue damage.
Here we report a case of successful treatment of bilateral carotid artery occlusion with concurrent basilar apex aneurysm using the endovascular approach. In addition, we reviewed six similar cases found through a PUBMED database search for the years 1980-2010, including cases with bilateral common carotid artery occlusion. These cases further supported the application of endovascular treatment for bilateral carotid artery occlusion with concurrent basilar apex aneurysm.
Case Report
The female patient aged 69 was admitted to the hospital after reporting a sudden headache accompanied by nausea and vomiting for ten days. The patient had a history of hypertension for 4 years and diabetes for 10 years, which were well-controlled with antihypertensive and oral hypoglycemic medication. Upon admission to the hospital, the patient presented with Hunt-Hess grade III and positive Kernig's signs. CT scan showed that the hemorrhage was localized on the pontine cistern and interpeduncular cistern, extending to the right of the ambient cistern into the posterior horn of the right ventricle. The patient was diagnosed with SAH, diabetes and hypertension.
CTA showed an aneurysm at the apex of the basilar artery with a diameter of 3.2 mm. There was no signal at the bilateral internal carotid artery, and the bilateral posterior communicating artery was supplying the anterior circulation. This result led to a diagnosis of bilateral carotid artery occlusion with concurrent basilar apex aneurysm. DSA showed that the bilateral internal carotid artery was occluded from the beginning of the bifurcation, with the external carotid artery system developed and no signs of anastomosis or vascular reconstruction of the branches of the external carotid and intracranial arteries. The brain blood supply mainly relied on the vertebral artery through the bilateral posterior communicating arteries. The angiograph of the vertebral artery showed no delay in the blood flow of anterior circulation. The saccular aneurysm with a diameter of 3.2 mm was observed at the apex of the basilar artery.
Under general anesthesia, three coils [3 mm × 5 cm Morpheus 3D CSR (Ev3), 2 mm × 1 cm Morpheus 3D CSR (Ev3), and 2 mm × 1 cm Helical (MicroVention)] were used to embolize the aneurysm, and the patient recovered well. After one year, DSA showed no aneurysm recanalization.
Literature review
We reviewed 6 similar cases of bilateral carotid artery occlusion with concurrent basilar apex aneurysm found with a PUBMED search for the years 1980 to 2010 3, 5, [9] [10] [11] [12] . These studies included cases of bilateral common carotid artery occlusion. The clinical data is summarized in Table 1 . The following is a summary of the studies. 
General information.
1) Six patients (5 female, one male, aged 39 to 71 years old with a mean age of 55 years).
2) The causes of carotid artery occlusion included aortic inflammation in two cases and atherosclerosis in four cases. 3) Upon admission to hospital, there were 4 cases with SAH, one case with thalamic hemorrhage and one case with hydrocephalus.
Radiology features.
1) Location of occlusions: the beginning part of the common carotid artery in 3 cases, the beginning part of the internal carotid artery in 2 cases, the cavernous sinus segment at left and beginning part at right of the internal carotid artery in one case. 2) Aneurysm: all cases were saccular; 3 cases single; 3 cases combined with aneurysms in other regions. 3) Collateral circulation: in 2 cases, the vertebral artery to the external carotid artery to anastomosis of the internal carotid artery; in one case, the subclavian artery to the common carotid artery to anastomosis of the internal carotid artery; in 2 cases, the external carotid artery to anastomosis of the intracranial artery; in one case, no anastomosis.
Treatment.
(1) Basilar apex aneurysm: conservative treatment in 3 cases, clipping treatment by craniotomy in one case, and endovascular treatment in 2 cases; (2) Other concurrent aneurysms in the 3 cases: clipping in 2 cases, embolization in one case; (3) one case of hydrocephalus was treated with a ventriculoperitoneal shunt.
Treatment results.
1) In the 3 cases of conservative treatment, 2 cases died of rupture, and the hydrocephalus case showed good prognosis; 2) The case treated by clipping showed good prognosis; (3) One case treated by embolization showed good prognosis; (4) One case treated by embolization of the basilar apex aneurysm and clipping to the concurrent aneurysm showed good prognosis. 
Discussion
Bilateral carotid artery occlusion is rare but has gained increased attention due to the improvement in diagnostic techniques in recent years, especially in non-invasive imaging 13, 14 . Following the development of a bilateral carotid artery occlusion, the posterior circulation bears the brunt of the brain blood supply, increasing blood pressure as well as the risk of saccular aneurysms 2, 3 . The basilar artery supporting the whole brain blood flow under high pressure has made treatment relatively difficult 7 .
Two cases of bilateral carotid artery occlusion with concurrent basilar apex aneurysm treated conservatively in the 1980's failed and led to patient deaths due to rerupture of the aneurysms 3, 5 . Even when the aneurysm is distant from the apex of the internal carotid artery and located in the posterior cerebral and communicating arteries, conservative therapy can fail 2 . On the other hand, in craniotomy with clipping of these aneurysms the transient occlusion of the parent arteries on the cerebral perfusion could lead to serious detrimental results 3, 6 . In contrast to these two treatment modes, the endovascular approach developed in recent years has fewer risks and significantly less trauma to patients, as demonstrated in previous studies as well as the present study.
Occlusion of the bilateral internal and common carotid arteries can be caused by many factors, in-cluding atherosclerosis, arteritis, arterial inflammation surrounding the invasion, vascular muscle fiber dysplasia, arterial dissection, and radiotherapy injury 2, 13, 15 . Atherosclerosis is the most common and typical cause. Atherosclerosis can occur at the point of bifurcation of the internal carotid artery, leading to chronic and progressive arterial stenosis. When the area is completely occluded, the artery appears as a "beak" shape on DSA images. The progression is quite slow and difficult to diagnose 16 . In the present case, the data from radiology was as just described and evidence that the cause was atherosclerosis.
Aortic inflammation can also cause carotid artery occlusion, and aortitis mainly occurs in Asian women. It is likely to be involved with the aortic arch and its branches, resulting in bilateral carotid artery occlusion and finally the failure of blood flow through the internal carotid artery 17 . This type of occlusion presents similar clinical syndromes as that caused by atherosclerosis, so it is also a possible diagnosis. However, DSA images can discriminate between the two cases: an occlusion at the beginning part of the internal carotid artery is likely to be caused by atherosclerosis, while the occlusion of the bilateral common carotid artery is likely aortitis. In the 6 cases reported in the literature, 4 were caused by atherosclerosis and 2 by aortitis.
The length of time required for occlusions in these arteries allows for the development of collateral circulation as an alternate source of intracranial blood supply, depending on the sites of occlusion 3, 5, [9] [10] [11] [12] . When the bilateral common carotid artery is occluded, there is no blood flow in either the external or internal carotid arteries. However, due to the downstream location of the occlusion the vertebral artery from the posterior circulation can form an anastomosis with the external carotid artery and supply blood flow to the internal carotid artery. This situation occurred in two of the three cases of common carotid artery occlusion we reviewed 9, 12 . In the other case the subclavian artery formed an anastomosis with the common carotid artery through opened muscular branches to supply the internal carotid artery.
When occlusion of the bilateral internal carotid artery occurs, the collateral changes differ from those described for the common carotid artery occlusion. In 7 cases of internal carotid artery occlusion with concurrent aneurysms, Yamanaka reported that in 6 cases the anastomosis to the internal carotid artery was mediated by the external carotid artery 3 . This included the formation of anastomosis between the middle meningeal and intracranial arteries, the submandibular artery from the external carotid artery and the artery underlying the cavernous sinus, and the external carotid artery through the ophthalmic, anterior ethmoid, and intracranial arteries. The one other case lacked the formation of anastomosis. Of the 6 reports we reviewed, 2 of 3 cases with internal carotid artery occlusion showed similar results 3, 11 , while one case reported by Ishibashi et aldid not 10 . The formation of anastomosis alleviates the hemodynamic changes caused by carotid artery occlusion, but the effect is limited and local blood pressure still increases and leads to the risk of basilar artery aneurysms.
The hemodynamic changes after bilateral internal carotid artery occlusion are similar to those in Moyamoya disease, in that the end of the carotid artery is occluded leading to the gradual accretion of a cerebral vascular network 18 . In this situation, the basilar artery becomes the most important artery for brain blood supply and is more prone to apex aneurysms [19] [20] [21] [22] . This condition also occurs in bilateral internal carotid artery or common carotid artery occlusion with concurrent basilar apex aneurysm, as the risk of rupture is high.
The conservative treatment can result in death, as shown 3, 5 ; therefore these patients should be treated quickly. In the literature reviewed, 3 patients who received craniotomy or intervention therapy showed good prognosis, indicating that both approaches were effective 11, [23] [24] [25] . However, with the relatively older technique of clipping it is dangerous to clip the artery carrying the aneurysm due to the high internal blood pressure 11, 24, 25 . An alternative is the endovascular approach, which affects the surrounding structures less and the process is directly visualized by DSA during surgery, resulting in less damage to patients. It has therefore emerged as a leading treatment for aneurysms 19, 21, 22 . The present study used coil embolization, as the aneurysm was regularly cystic but with a narrow neck, and the result was good with no recanalization.
The bilateral internal carotid and common carotid artery occlusion can also lead to aneurysm in other arteries other than the basilar artery. Three of the 6 cases we reviewed above showed such changes, including aneurysms of the posterior communicating, posterior cerebral, superior cerebellar, anterior inferior cerebellar, and posterior inferior cerebellar arteries 9, 11, 12 . For such aneurysms combined aggressive treatment should be performed, but is more difficult. In these 3 cases, one used clipping for the basilar artery aneurysm and other aneurysms, one used embolization of the basilar apex aneurysm with clipping of the others, and one case used the balloon assisted technique for embolization of the basilar apex and other aneurysms. Taken together, the data show that endovascular treatment is effective for these aneurysms as well.
Conclusions
In conclusion, the basilar apex aneurysm caused by bilateral internal carotid artery and common carotid artery occlusion can be effectively treated by the endovascular approach. Concurrent aneurysms of other arteries can be treated simultaneously in the same technique.
